Aims-To compare the clinical eYcacy of hypo-osmolar oral rehydration salt (ORS) solution (224 mmol/l) and standard ORS solution (311 mmol/l) in severely malnourished (marasmic) children having less than 60% Harvard standard weight for age with dehydrating acute watery diarrhoea. Methods-In a double blind, randomised, controlled trial, 64 children aged 6-48 months were randomly assigned standard (n = 32) or hypo-osmolar ORS (n = 32). Results-Stool output (52.3 v 96.6 g/kg/ day), duration of diarrhoea (41.5 v 66.4 hours), intake of ORS (111.5 v 168.9 ml/kg/ day), and fluid intake (214.6 v 278.3 ml/kg/ day) were significantly less in the hypoosmolar group than in the standard ORS group. Percentage of weight gain on recovery in the hypo-osmolar group was also significantly less (4.3 v 5.4% of admission weight) than in the standard ORS group. A total of 29 (91%) children in the standard ORS group and 32 (100%) children in the hypo-osmolar group recovered within five days of initiation of therapy. Mean serum sodium and potassium concentrations on recovery were within the normal range in both groups. Conclusion-Our findings suggest that hypo-osmolar ORS has beneficial eVects on the clinical course of dehydrating acute watery diarrhoea in severely malnourished (marasmic) children. Furthermore, children did not become hyponatraemic after receiving hypo-osmolar ORS. (Arch Dis Child 2001;84:237-240) 
Childhood malnutrition and diarrhoea are common in developing countries and are responsible for a high proportion of deaths in children. [1] [2] [3] A single standard formula of oral rehydration salts (ORS) recommended by the World Health Organisation and United Nations Children's Fund (WHO/UNICEF) is considered a safe and eVective therapy for most of the children with dehydrating acute diarrhoea. 4 Although several studies support the use of this standard ORS for the treatment of acute diarrhoea in severely malnourished children, 5 6 there are still unresolved issues regarding the optimal salt content of ORS, especially in severely malnourished children. Paediatricians fear that this standard ORS (which contains 90 mmol of sodium) may produce hypernatraemia and over hydration in severely malnourished (marasmic) children, because they excrete less salts and water as a result of changes in renal mechanisms including reduced glomerular filtration and low tubular capacity to concentrate urine. [7] [8] [9] Malnourished children thus run a high risk of accumulating fluid and electrolytes in the body.
Recently, several clinical studies documented that hypo-osmolar solution, containing low sodium and glucose, was better than standard ORS for the treatment of dehydrating acute diarrhoea in children. [10] [11] [12] [13] [14] The low osmolality promoted intestinal absorption of sodium and water. Gastric emptying of hypo-osmolar ORS was enhanced. Furthermore, more complete absorption of glucose reduced the risk of osmotic diarrhoea compared to standard ORS. However, there is no published evidence of the eYcacy of hypo-osmolar ORS in severely malnourished children. We therefore performed a double blind, randomised, clinical trial to compare the eYcacy of standard and hypo-osmolar ORS in marasmic children suVering from dehydrating acute diarrhoea.
Patients and methods
The study was carried out at the Dr BC Roy Memorial Hospital for Children, Calcutta, India between July 1997 and August 1999. Male children less than 60% Harvard standard weight for age without oedema (for ease of collection of stool and urine separately), aged between 6 and 48 months who were marasmic were included in the study if they had a history of acute watery diarrhoea (three or more loose watery stools per day) for 72 hours or less and clinical signs and symptoms of "some" dehydration (for example, thirst or eagerness to drink, sunken eyes, dry mouth and tongue, and loss of skin elasticity). 4 However, children with the following features were not included in the study: (1) a history of another episode of diarrhoea one month prior to the onset of present illness; (2) had received antibiotics or oral rehydration therapy during this episode of diarrhoea; (3) obvious parenteral infection-septicaemia, meningitis, pneumonia, or urinary tract infection; (4) require special medical care (life support system, blood transfusion, or total parenteral nutrition); (5) exclusively breast fed; (6) obvious signs of kwashiorkor.
After selecting the children, written consent was obtained from the parents. A complete history was taken from parents; a thorough physical examination was done and they were assessed for dehydration. 4 The children were weighed unclothed on a balance of 10 g precision. Nutritional status was assessed by allocating the admission weight (after adjustment for loss caused by dehydration) of the children to diVerent weight for age nutritional groups according to the classification of Indian Academy of Pediatrics. 15 Stool samples were collected from all children. Bacteriological examination of stool samples and characterisation of the diVerent isolates were carried out using standard techniques. 16 Microscopic examination of stool samples was performed to detect trophozoites and cysts of Entamoeba histolytica and Giardia lamblia. Stool samples were stored at −20°C and subsequently analysed for rotavirus using enzyme linked immunosorbent assay (ELISA) and polyacrylamide gel electrophoresis (PAGE). Blood samples were collected for estimation of serum sodium and potassium.
Group 1 received hypo-osmolar ORS (sodium 60 mmol/l, potassium 20 mmol/l, chloride 50 mmol/l, glucose 84 mmol/l, citrate 10 mmol/l by dissolving sodium chloride 1.75 g, potassium chloride 1.5 g, trisodium citrate dihydrate 2.9 g, and glucose 15 g in 1 litre of water, osmolarity 224). Group 2 received the standard ORS recommended by WHO/ UNICEF (sodium 90 mmol/l, potassium 20 mmol/l, chloride 80 mmol/l, glucose 111 mmol/l, citrate 10 mmol/l by dissolving sodium chloride 3.5 g, potassium chloride 1.5 g, trisodium citrate dihydrate 2.9 g, and glucose 20 g in 1 litre of water, osmolarity 311). A computer generated randomisation table was used to allocate the diVerent ORS packets. The table was held by an individual who was not associated with the study and he provided the ORS packets according to the table. The packets of hypo-osmolar ORS and standard ORS were similar in appearance and packaged in identical sachets. Ten 1 litre packets were provided for each child. All children were rehydrated orally within four to six hours using the assigned ORS solution. It was then given to replace continuing losses (liquid stool and vomitus) until diarrhoea stopped (two formed stools passed, or no stool for 12 hours), or for up to five days if diarrhoea persisted. The children were allowed to drink water ad libitum. Plain water was also oVered. Breast fed children were allowed to continue breast feeding. Formula milk and animal milk were permitted. Older children received the normal diet which they were used to before this illness. They were not given any drug therapy during the study.
Intake and output were measured and recorded eight hourly until the diarrhoea stopped or for up to five days if it persisted, or until the child was withdrawn from the study. Stool losses were measured on preweighed disposable diapers; urine was separated from stool using urine collection bags. Vomitus losses were evaluated by weighing on preweighed gauze pads. Children were weighed after correction of initial dehydration and every morning between 10.00 and 10.30 am. Follow up records were kept on a predesigned proforma. Daily records were kept as follows: (1) number of stools per 24 hours; (2) number of episodes of vomiting; (3) stool weight; (4) vomitus weight; (5) intake of water and other liquid food. Measurement units were sensitive to 1 g or 1 ml. Blood samples were drawn again for estimation of serum sodium and potassium on recovery or on day 5 of hospitalisation if the child did not recover. Children were classified as hypernatraemic if serum sodium was greater than 150 mmol/l and hyponatraemic if it was less than 130 mmol/l. They were classified as hyperkalaemic and hypokalaemic if serum potassium was greater than 5 or less than 3.5 mmol/l respectively. Children, other than those who were very ill, were discharged on recovery and the parents were advised to attend the hospital nutrition clinic for nutritional rehabilitation.
After decoding, the two groups were compared using the 2 test. The means of the outcome variables of the two groups (time specific stool output, intake of ORS, total fluid intake (ORS + water + liquid food), weight gain or loss, and electrolyte concentrations on recov- 
Results
A total of 64 marasmic male children (aged 6-48 months) suVering from dehydrating acute watery diarrhoea were enrolled in the study. After decoding the identity of ORS received by the two groups, it was observed that 32 children were in the standard ORS and 32 in the hypo-osmolar ORS group. Thirty one children (97%) in the standard and 30 (94%) in the hypo-osmolar ORS group had less than 60% Harvard standard weight for age. One child in the standard and two children in the hypo-osmolar group had 60-69% Harvard standard weight for age. Table 1 presents clinical features on admission, diarrhoeal pathogens isolated, serum sodium and potassium concentrations, and percentage of weight loss; the groups were comparable. In table 2, outcome variables of the two groups are compared.
Twenty nine children (91%) in the standard ORS group and 32 (100%) in the hypoosmolar ORS group recovered within five days; this diVerence was not statistically significant (p > 0.05). The interval to recovery, stool output, and daily ORS and fluid intake per kg were significantly less in the hypo-osmolar ORS group than in the standard ORS group. Mean percentage weight gain in children in the hypoosmolar ORS group was significantly lower than in the standard ORS group at discharge or on day 5 if they did not recover during this period (p = 0.001). Figure 1 shows the survival curve for recovery time in the two groups.
Recovery time of the hypo-osmolar group was significantly less than that of the standard ORS group. Mean serum sodium and potassium concentrations at time of recovery or on day 5 for those who did not recover, were similar in both treatment groups (table 3) .
Discussion
This study was designed to compare the clinical eYcacy of hypo-osmolar ORS and standard ORS in severely malnourished (marasmic) children with dehydrating acute diarrhoea. It confirms the superiority of hypo-osmolar ORS over standard ORS. It has shown for the first time that hypo-osmolar ORS is safe, and more eVective than standard ORS in marasmic children with "some" dehydration. Hypo-osmolar ORS significantly decreases the mean duration of diarrhoea, stool output, and need for ORS and other fluids during the course of treatment compared to that of standard ORS. The beneficial eVect of hypo-osmolar ORS may be a result of low osmolality of the solution and complete absorption of glucose, thus reducing the risk of osmotic diarrhoea.
The results showed that rehydration could be achieved and hydration status maintained with hypo-osmolar ORS as eVectively as standard ORS. None of the children in either group became over-hydrated in the course of treatment. Several studies of hypo-osmolar ORS in acute diarrhoea have documented reduced weight gain in children on hypo-osmolar compared to standard ORS, but this was not statistically significant. [10] [11] [12] [13] In contrast, our study showed that the mean percentage weight gain in children in the hypo-osmolar ORS group was significantly lower (p = 0.001) compared to the standard ORS group on recovery, reflecting the lower consumption of hypoosmolar ORS for correction of dehydration as well as for maintenance.
Others have cautioned against the use of standard ORS because of the potential risk of hypernatraemia. [17] [18] [19] [20] [21] A study conducted in Calcutta showed that standard ORS could be used safely and eVectively for the treatment of dehydrating diarrhoea in marasmic children with the provision of an additional source of free water (plain water, breast milk, or other low solute feeds). 6 WHO experts have also recommended the use of standard ORS together with additional fluid in the form of breast milk, dilute milk formula, or plain water in the latter part of rehydration, as well as during the maintenance phase to reduce the risk of hypernatraemia. 4 However, if hypo-osmolar ORS is available, it can be used safely and easily for the treatment of marasmic children.
In developing countries, it has been thought that use of hypo-osmolar ORS in marasmic diarrhoeal children might cause hyponatraemia, because these children are already sodium depleted, and furthermore acute diarrhoea may be caused by various bacterial pathogens which may induce high stool sodium losses. However, the present study shows that hyponatraemia was present at the time of admission in 15 (47%) children in the hypo-osmolar group, but it was corrected using the low Results expressed as mean (SD). There was no diVerence on admission and on recovery between the groups. Increases in sodium and potassium in the two groups are the same. Figure 1 Survival curve for recovery. WHO ORS Hypo ORS sodium solution. This can be explained by the fact that although serum sodium may be low in marasmic children, total body sodium may be normal.
We conclude that hypo-osmolar ORS is superior to standard ORS for the treatment of dehydrating acute watery diarrhoea in severely malnourished (marasmic) children. Hypoosmolar ORS resulted in a shorter duration of diarrhoea, a reduced stool output, less need for maintenance therapy, and a reduced chance of hypernatraemia. On the basis of this study on malnourished children and previous studies in well-nourished children, a general recommendation is made that hypo-osmolar ORS (sodium content 60 mmol/l) should be used for rapid rehydration, and maintenance of hydration in children with non-cholera diarrhoea. 
